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June 2015 
 
The accurate identification of species that are in need of protection is one of the 
most essential challenges of conservation biology (Lovich and Gibbons, 1997). When 
deciding if a species needs conservation protection, there are two main scientific 
concerns that must be addressed: (1) determining if the taxonomic standing of the target 
species is upheld (i.e., if it is a real, rare species) and (2) deciding where the target 
species occurs or is likely to occur. In this study we used an integrative approach 
combining ecological niche modeling and molecular genetics to understand the taxonomy 
of a federally threatened Hibiscus species, H. dasycalyx, in East Texas. We tested 
whether the nomenclature of H. dasycalyx and two common and widespread sympatric 
species, H. laevis and H. moscheutos is supported. Specifically, we used ecological niche 
modeling methods to test for ecological distinctness among the species, along with 
sequencing the nuclear gene encoding granule-bound starch synthase (GBSSI) to 
determine if there were ecological and phylogenetic distinctions among the three species 
that match their nomenclature. The ecological niche models revealed that H. dasycalyx 
vii 
 
and H. moscheutos were significantly ecologically different from one another, whereas H. 
dasycalyx and H. laevis were ecologically indistinguishable. When examining the 
molecular genetics results, the Hibiscus species were divided into two distinct groups: 
Group I, H. dasycalyx and H. laevis; and Group II, H. moscheutos. Based on these results, 
the H. dasycalyx type may be part of the morphological variation that occurs within the 
more widespread H. laevis species. Therefore, I outline areas of future research that 
would help to answer more definitively whether H. dasycalyx is a distinct entity from H. 
laevis or is, in fact, subsumable within H. laevis.
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Chapter 1 
Introduction and General Information 
 When determining whether a species should be listed under the Endangered 
Species Act, there are two main scientific concerns that must be addressed: (1) 
determining if the taxonomic standing of the target species is upheld (i.e., if it is a real, 
rare species) and (2) deciding where the target species occurs or is likely to occur. A 
robust genetic understanding of the target species and its congeners is required to 
accomplish this task. While it is widely accepted that genetics can be used to help delimit 
species, it is less widely appreciated that ecological information can be used as well, in a 
similarly rigorous manner. Ecological information may, for example, be an important 
component of species delimitation when genetic differentiation is subtle. In fact, 
ecological differentiation may be more pronounced than genetic differentiation when two 
species are recently diverged, due to character displacement that occurs at the early stages 
of differentiation and speciation (Schluter, 2009). Therefore ecological differentiation 
may be a leading indicator of when to treat two entities as separate taxa, before genetic 
approaches can pick up on these differences to an unambiguous extent (Raxworthy et al., 
2007). Ecologically-based species delimitation is an especially important ingredient in 
taxonomy from a conservation perspective, because a conservation plan that ignores 
ecological differences among two distinct groups will wash out the important habitat 
differences among them, and therefore do a poorer job of conserving either of the two 
groups than a conservation plan that treats those entities as separate and caters to their 
individual ecological needs. 
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The Neches River Rose Mallow (Hibiscus dasycalyx) has recently been listed as a 
threatened species under the Endangered Species Act by the USFWS (USFWS, 2013). 
Hibiscus dasycalyx is a shrubby perennial marsh plant that is endemic to East Texas 
(Klips, 1995; Mendoza, 2004). Hibiscus dasycalyx is located in three counties in East 
Texas (Cherokee, Houston, and Trinity), in three watersheds (Angelina, Neches, and 
Trinity). It grows seasonally on wet alluvial soils that are flooded in late winter and early 
spring but that dry out in summer (TPWD, 2011). Several of the historical habitat 
locations of the species have declining or extinct populations (Klips, 1995; Mendoza, 
2004; TPWD, 2011). Some documented threats to the species survival include: 
mowing/grazing, herbicide usage, collections for horticulture, alterations of hydrology, 
and habitat encroachment by exotic and native species (Mendoza, 2004; TPWD, 2011).  
Hybridization with co-occurring species is another potential threat to H. 
dasycalyx. Several studies have found both morphological or molecular evidence of 
hybridization between H. dasycalyx and its congeners, Hibiscus moscheutos (Crimson-
Eyed Rose Mallow) and Hibiscus laevis (Halberdleaf Rose Mallow) (Blanchard, 1976; 
Klips, 1995; Mendoza, 2004; Small, 2004). All three species have the same ploidy 
(diploid) and are cross-fertile in the laboratory (Klips, 1995). In addition, H. dasycalyx 
often co-occurs with H. laevis and H. moscheutos without any obvious barriers to 
interspecific reproduction (Correll and Correll, 1972; Blanchard, 1976; Klips, 1995; 
TPWD, 2011). 
The Rose Mallows, Hibiscus L. sect. Muenchhusia (Heister ex Fabricium) O. 
Blanchard (Malvaceae), are a North American taxon that consist of five closely related 
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species (Blanchard, 1976). The five species included in this taxon are Hibiscus coccineus 
Walter, Hibiscus dasycalyx Blake & Shiller, Hibiscus grandiflorus Michaux, Hibiscus 
laevis Allioni, and Hibiscus moscheutos L. There are two subspecies within H. 
moscheutos that Blanchard (1976) recognized as H. moscheutos subsp. moscheutos 
(synonymous with H. moscheutos subsp. palustris L.) of the northeastern United States 
and H. moscheutos subsp. lasiocarpos (Cavanilles) O. J. Blanchard (synonymous with H. 
moscheutos subsp. incanus Wendl.) of the southeastern coastal plains (Blanchard, 1976).  
Hibiscus sect. Muenchhusia was separated from the large Hibiscus sect. Trionum by 
Blanchard (Fryxell, 1988). The separation of sect. Muenchhusia as a monophyletic group 
was proposed from the taxon’s overall shared chromosome number (n = 19; Wise and 
Menzel, 1971), ecological similarities of being primarily wetland species, similar 
morphological characteristics of individuals, a shared growth habit, and common 
geographic distribution of eastern and central North America for natural growing 
populations (Blanchard, 1976). 
The focus of this study is on three of these mallows: H. dasycalyx, the federally 
threatened Texas-endemic species, and two sympatric, congeneric species, H. laevis and 
H. moscheutos subsp. lasiocarpos   (Correll and Correll, 1972; Blanchard, 1976). 
Hibiscus moscheutos subsp. lasiocarpos (which will be referred to hereafter as H. 
moscheutos) will be the only subspecies of H. moscheutos focused on in this study 
because its distribution is within that of H. dasycalyx and H. laevis (Blanchard, 1976).  
There are several diagnostic morphological characteristics that distinguish among 
the three taxa, as described by Blanchard (1976): 
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Hibiscus laevis possess vegetative parts that are completely glabrous, and leaves 
that are triangular-hastately three-lobed. The middle leaf lobe is two to six times as long 
as the width of the leaf and long acuminate. Calyces and capsules are also glabrous or 
nearly glabrous, and petals moderately spread beyond the calyx tube and are of pink or 
white color with a red base. Seeds tend to have a reddish-pubescent appearance. 
Hibiscus moscheutos possess vegetative parts that are pubescent, and leaves that 
are unlobed, lanceolate or elliptic-lanceolate to broadly triangular-ovate with a lower 
surface that is densely stellate-pubescent (with occasional simple hairs). Calyces are 
stellate-tomentose and capsules are pubescent, occurring in variations of simple, stellate, 
or glandular hairs, with variations appearing singly or in combination. Petals moderately 
spread beyond the calyx tube and are of white (most commonly) or pink color with a red 
base. Seeds are glabrous in appearance. 
Hibiscus dasycalyx possess vegetative parts that are glabrous, and leaves that are 
deeply and narrowly three-lobed. Calyces and capsules are densely hirsute, and petals 
moderately spread beyond the calyx tube and are of white color with a red base. Seeds 
tend to have a reddish-pubescent appearance. Overall, Hibiscus dasycalyx is very similar 
to H. laevis, except for its highly pubescent calyx and fruit and extremely narrowly and 
deeply lobed leaves.  
Although Blanchard’s (1976) descriptive taxonomic work set forth a foundation 
on furthering systematic work among the Hibiscus sect. Muenchhusia by segregating it 
from sect. Trionum, it did not provide evidence of the phylogenetic relationship of the 
species in sect. Muenchhusia. Blanchard (1976) was only able to note that H. dasycalyx 
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had strong similarities with H. laevis and that the plants that were observed at the type 
location (Apple Springs in Trinity county; Blake 1958) resembled the type specimen, and 
that wild-type specimen seeds were grown and consistent with the description of H. 
dasycalyx and produced viable seed. Wise and Menzel (1971) also added that within sect. 
Muenchhusia there were two distinct groups that consisted of Group I, H. grandifloras 
and H. moscheutos, and Group II, H. coccineus and H. laevis, and that crosses within 
groups produced fertile hybrids whereas between group crosses produced hybrids that 
were in general unable to produce fruiting bodies. This data did not include an H. 
dasycalyx specimen, but it did give support of two distinctive and naturally occurring 
groups yet did not provide much evidence of evolutionary trajectory (Wise and Menzel, 
1971).  
Further evolutionary work on the rare endemic Texas rose mallow and its two co-
occurring species was carried out by Klips (1995) and Small (2004).  Klips (1995) sought 
to examine what the evolutionary relationship was between H. dasycalyx and its two 
sympatric species, H. moscheutos and H. laevis. He found that H. dasycalyx was able to 
produce fertile offspring when crossed with both sympatric species. He also found that 
the three species were diploid and shared major allozyme alleles in most enzyme systems, 
except for three loci that differentiated H. dasycalyx and H. laevis from H. moscheutos, 
suggesting closer relation of H. dasycalyx to H. laevis than to H. moscheutos. Based on 
their shared band similarity, he suggested that H. dasycalyx may be an ecotype or variety 
of the widespread H. laevis. Small (2004) sought to resolve whether Hibiscus sect. 
Muenchhusia was monophyletic and where its phylogenetic placement was within the 
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genus Hibiscus and tribe Hibisceae, and also to determine what the phylogenetic 
relationship was between the species of Hibiscus sect. Muenchhusia. Small (2014) found 
that sect. Muenchhusia was a monophyletic group within a clade with other Hibiscus 
species, members of the tribe Malvavisceae, and other genera of Hibisceae, based on two 
chloroplast genes, ndhF and rpL16 (Small, 2004). The phylogenetic relationship between 
the species of Hibiscus sect. Muenchhusia was found to support previous studies, with 
the species falling in two main clades: one including H. grandifloras and H. moscheutos 
and the other including H. coccineus, H. dasycalyx, and H. laevis, with this work based 
on the nuclear GBSSI gene (Small, 2004). There were also sequence polymorphisms 
found in one H. dasycalyx and H. grandiflorus sample that were inferred to be due to 
gene flow with H. moscheutos (Small, 2004). Small (2004) was able to determine the 
monophly of sect. Muenchhusia, the relationship between the five species within this 
taxon, and provide some evidence of hybridization between H. dasycalyx and H. 
grandifloras with H. moscheutos. 
While these studies have sought to understand the relationship of the endemic 
East Texas H. dasycalyx to its co-occurring, more widely distributed sister species H. 
laevis and H. moscheutos, the results have not been able to conclusively identify H. 
dasycalyx as a separate, true species (Blanchard, 1976; Klips, 1995; Small, 2004). 
Therefore this is a crucial problem to understand because of the recent listing of H. 
dasycalyx as a threatened species, and to understand whether this status is indeed 
warranted.  
  
7 
 The purpose of this study is to gather a better understanding of the taxonomic 
standing of the threatened H. dasycalyx by: (1) determining specific habitat requirements 
and potential distribution of the endemic H. dasycalyx and its congeners using ecological 
niche modeling methods; (2) comparing ecological niche models of H. dasycalyx and its 
two co-occurring congeners to understand if there is any ecological distinction between 
the three Hibiscus species; and (3) producing a genetic analysis of the three Hibiscus 
species that will aid in understanding their relationships to one another and will be 
compared/contrasted to the ecological results.
  
8 
 
Chapter 2 
Ecological Niche Modeling  
Introduction 
 Ecological niche modeling has become an important tool in ecological research 
and management (Guisan and Thuiller, 2005; Elith et al., 2006). These models are used to 
identify species’ potential geographic distributions. Ecological niche modeling works by 
comparing species’ documented occurrence locations with the values of environmental 
variables (abiotic and biotic) associated with the occurrences to create an algorithm 
relating the values of environmental variables to the relative suitability of each parcel of 
land on the landscape. Ecological niche modeling has been used in many different 
biological studies, for example: understanding potential effects of climate change 
(Thomas et al., 2004; Hijmans and Graham, 2006; Loarie et al., 2008), possible impacts 
of invasive species (Thuiller et al., 2005; Ficetola et al., 2007; Ward, 2007), recognizing 
spatial patterns of biodiversity (Fitzpatrick et al., 2008; Murray et al., 2011), and aiding 
in conservation of rare species (Elith, 2002; Papes and Gaubert, 2007; Kumar and 
Stohlgren, 2009). Ecological niche models can aid in understanding what specific aspects 
of the landscape are of most important for species of conservation concern.  
 Maximum entropy modeling (Maxent; Phillips et al., 2006; Dudik et al., 2010) 
has become a common and extensively used method in ecological niche modeling (Dudik 
et al., 2007; Elith et al., 2011). Maxent uses “presence-only” data and is very competitive 
with other methods of modeling species distributions (Phillips et al., 2006; Phillips and 
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Dudik, 2008; and Elith et al., 2006). The use of Maxent allows for the successful 
modeling of species in which the sample size is small, and this is useful when modeling 
species that may be specialist or rare and therefore have smaller geographic distributions 
or known localities (Elith et al., 2006; Hernandez et al., 2006). Maxent approximates a 
species’ fundamental niche and potential geographic distribution using a set of functions 
that relates known occurrences of the species to environmental variables, creating models 
of habitat suitability across the entire landscape (Phillips et al., 2006). 
 The purpose of this study was to use Maxent to address two main questions: (1) 
what are the ecological preferences of the endemic threatened H. dasycalyx and its 
congeners, H. laevis, and H. moscheutos? (2) Do ecological differences among the three 
Hibiscus species match their current taxonomic distinctions? 
Materials and Methods  
 Maxent uses a general purpose machine learning method that seeks to estimate the 
probability of a species distribution by finding the probability of a distribution that is 
closest to uniform and then altering one environmental variable at a time repeatedly to 
maximize the likelihood of the occurrence dataset (Phillips et al., 2006; Hernandez et al., 
2006).  Output from Maxent is in the form of a heat map that visualizes a fitted logistic 
function relating the environmental data to the habitat suitability of every parcel of the 
landscape (at the grain size of the environmental data) (Phillips and Dudik, 2008). The 
habitat suitability scores range on a scale from 0 (most unsuitable) to 1 (most suitable). 
The extent of the study area was restricted to east Texas including the watersheds 
of the Trinity, Neches, and Angelina rivers. This extent was based on the historic county 
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range of H. dasycalyx and extended to include all of east Texas to incorporate locations 
for H. laevis and H. moscheutos (Figure 1). Species occurrence data were obtained for H. 
dasycalyx, H. laevis, and H. moscheutos via personal collections from the field, herbaria 
records and iNaturalist records (www.inaturalist.org) (Table 1). Three GIS environmental 
layers were used in the model analysis for each species – geology, landcover and soil 
(Table 2) – because they are related to the known habitat affinities of the species from 
other studies (Blanchard, 1976; Klips, 1994). All environmental layers and occurrence 
points were projected to NAD 1983 UTM Zone 15N (units: meters) using ArcMap 10.3. 
Environmental layers were converted to raster files and resampled to a resolution of 
100m x 100m. Then each raster was clipped to the extent of the study area and converted 
to ASCII files.  
We used a “leave-one-out” or “n-1” cross-validation method, as previously 
described by Pearson et al. (2007): we set the number of folds for each species to equal 
the number of samples, so that each fold contained n -1 observations, where n is the total 
sample size. This means that each fold only had a single test data point, and that each 
observation was the test data point, in turn, for a separate fold. Model statistics were then 
averaged across the n folds for each species. The options within Maxent, “Create 
response curves” and “Do jackknife to measure variable importance” were selected to 
analyze the contribution of each level of each environmental variable to the habitat 
suitability maps produced by Maxent. To prevent spatial autocorrelation of duplicate 
points within a grid cell, we randomly removed all but one occurrence record that was 
within the same grid cell as another occurrence record by the selection of “Remove 
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duplicate presence records”.  All other settings within Maxent were set to default as well 
as the generation of 10,000 pseudo-absence points. 
The evaluation of the model fit was determined by the area under the operating 
receiver curve (AUC) along with model “gain” (Phillips and Dudik, 2008).  AUC 
measures the degree to which the model assigns a randomly chosen occurrence point 
higher habitat suitability than a randomly chosen pseudo-absence point (Phillips and 
Dudik, 2008). The test AUC for each of the n cross-validation folds represents the 
percentage of pseudoabsence points that were lower than the one test data point that was 
left out of the model-building process of that fold. This means that the test AUC that we 
report represents the average percentage of the pseudoabsence data that has lower habitat 
suitability scores than single selected test data points, across all of the n model folds. 
AUC scores range on a scale between 0 and 1, where a score of 0.5 would indicate a 
model that is no better at predicting suitable habitat than a random model. Models with 
AUC values greater than 0.75 were considered acceptable models (Elith, 2002).  
Gain is a likelihood (deviance) statistic that maximizes the probability of the 
presences in relation to the background data. Taking the exponent of the final gain gives 
the (mean) probability of the presence sample(s) compared to the pseudoabsences. Since 
we report the average statistics across all of the n cross-validation folds, the test gains that 
we report are statistics that maximize the probability, on average, of the presence of the 
single test data point in a fold in relation to the pseudoabsence data of a fold. Test gain 
was used to analyze which environmental variables contributed the most to the ability of 
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a model to discriminate between the set-aside presence points (test points) and the 
pseudo-absence points.  
ENMTools v 1.3 (Warren et al., 2010) was used to determine whether the 
ecological niche models for each species were significantly different. A pairwise 
comparison of all model outputs for each species was conducted using the “measure 
niche overlap” module. We chose to measure niche overlap using the I statistic, which is 
calculated by all suitability scores being standardized to sum up to one over the extent of 
the study area, and the difference between the species’ suitability score at each grid cell is 
obtained; the other statistics of niche overlap are highly correlated with this one (Warren 
et al., 2010).  
We then performed the “niche identity test” module in ENMTools, which is a 
hypothesis test that is used in conjunction with the observed results from the “measure of 
niche overlap” module. It is used to determine if the niche models produced for each 
species is more different than expected if they were constructed based on randomly 
assigning individuals to each of the two species (Warren et al., 2010). This creates a null 
distribution to compare against the observed value based on random species assignments 
(Warren et al., 2010). We ran the permutation test with 100 replicates to obtain the null 
distribution of I value for each species and then compared it to our empirically derived I 
value to determine if the niches of each species was statistically differentiated (Warren et 
al., 2010). Significance of niche differentiation was determined using the five percent 
quantile from the null distribution (Dunithan, 2012). 
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Results  
The average test AUC scores for H. dasycalyx (0.91), H. laevis (0.96), and H. 
moscheutos (0.88) were above 0.75, indicating that the performance of the model was 
good for all three species (Figures 2, 7, & 12). Test gain of each model showed that soil 
had the highest relative contribution out of the three environmental variables (Figures 3, 
8, & 13). 
The top most suitable soil (with a 0.80 contribution) for H. dasycalyx had a 
permeability of 0.67-2.04 cm/hr, organic matter content of 0.114-0.328 % by weight, a 
slope of 0-1.09 %, a depth to seasonally high water table of 0.32-0.66 m, and a bulk 
density of 1.409-1.625 g/cm3 (Figure 6 & Table 3). Sand (0.58) was the most important 
characteristic of the geology for H. dasycalyx (Figure 4 &Table 3). The top two most 
important characteristics of landcover for H. dasycalyx were “West Gulf Coastal Plain 
Large River Floodplain Forest” (0.77) and “Open Water (Fresh)” (0.68) (Figure 5 & 
Table 3). 
The top most suitable soil (with a 0.82 contribution) for H. laevis had a 
permeability of 1.36-5.20 cm/hr, an organic matter content of 0.11-0.33 % by weight, a 
slope of 0.08-1.16 %, a depth to seasonally high water table of 0.35-0.77 m, and a bulk 
density of 1.387-1.617 g/cm3 (Figure 11 & Table 3). Sand (0.55) was the most important 
characteristic of the geology for H. laevis (Figure 9 &Table 3). The top two most 
important characteristics of landcover for H. laevis was “Central Interior and 
Appalachian Floodplain Systems” (0.82) and “Recently burned grassland” (0.81) (Figure 
10 & Table 3). 
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The top most suitable soil (with a 0.85 contribution) for H. moscheutos had a 
permeability of 1.36-5.20 cm/hr, an organic matter content of 0.11-0.33 % by weight, a 
slope of 0.08-1.16 %, a depth to seasonally high water table of 0.35-0.77 m, and a bulk 
density of 1.387-1.617 g/cm3 (Figure 16 & Table 3). Sand (0.58) was the most important 
characteristic of the geology for H. moscheutos (Figure 14 & Table 3).  The top two most 
important characteristics of landcover for H. moscheutos were “West Gulf Coastal Plain 
Pine-Hardwood Flatwoods” (0.73) and “Developed, Low Intensity” (0.81) for (Figures 
15 & Table 3). 
The permutation tests showed that H. dasycalyx and H. moscheutos have 
significantly different ecological niches, whereas the niches of H. dasycalyx and H. laevis 
are ecologically indistinguishable, and the niches of H. laevis and H. moscheutos are 
ecologically indistinguishable (Table 4). 
Discussion 
The analyses of ecological niche models in this study provided insight on 
potential ecological preferences of the three species and whether any ecological 
differentiation existed between the three species and what specific aspects of the 
environment attributed to the differentiation.  
The ecological niche model of H. dasycalyx predicted high suitability of a 
potential distribution that resided mostly within the East Texas counties of Cherokee, 
Houston, and Trinity and within the watersheds of the Angelina, Neches, and Trinity 
rivers (Figure 2). The predicted distribution of H. dasycalyx fell within its historical 
known localities (Figure 1). Since H. dasycalyx only has a few known localities and due 
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to the rarity of the plant it is expected that the niche model would predict a narrow range 
of suitable habitat for this species. Although the range predicted for H. dasycalyx is 
aligned closely with the historic range, the ecological niche model provides a broader 
boundary that may contain other, undiscovered populations.  
Based on the statistics of niche differentiation between the three species, only H. 
dasycalyx and H. moscheutos were considered to have significantly different niches 
(Table 4). This indicates that H. dasycalyx has a distinct habitat preferences from H. 
moscheutos yet not from H. laevis (Table 3). H. laevis and H. moscheutos did not show 
any significant difference in their niches, and this could be, in part, due to the generalist 
and widespread nature of these two more common species.  
These findings did not support the hypothesis that H. dasycalyx is ecologically 
distinct from H. laevis, which is surprising given their morphological and taxonomic 
distinctiveness (Blanchard, 1976). But these findings do corroborate the distinctiveness of 
H. moscheutos from H. dasycalyx (Blanchard, 1976; Klips, 1995; Small, 2004). The data 
also is in accordance with the molecular work performed by Klips (1995) and Small 
(2004) indicating that there is very little genetic divergence between H. dasycalyx and H. 
laevis.  
These results may suggest that H. dasycalyx is a variant (or collection of variants) 
of H. laevis. The results described here can be aided by future inclusion of ground-
truthing of the current habitat suitability models produced for H. dasycalyx, H. laevis, and 
H. moscheutos. Ground-truthing the models can provide more location data for the more 
common species (H. laevis and H. moscheutos) and maybe discover undocumented 
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locations of the rare H. dasycalyx that could iteratively improve the models. Since H. 
dasycalyx is currently listed as threatened, it is important to further examine genetic 
evidence of the relationship between it and H. laevis to see if those findings point in the 
same direction as the ecological findings. If H. dasycalyx and H. laevis are reciprocally 
monophyletic genetically, then H. dasycalyx may still hold up as a “good” (i.e., a 
monophyletic and genetically differentiated) species, or at least it may be a distinct 
subspecies of H. laevis that would still require protection based on its rarity. But it would 
be surprising for two geographically sympatric species, such as H. dasycalyx and H. 
laevis, to be genetically isolated despite no ecological isolation serving as a barrier to 
gene flow (Schluter, 2009). The ecological evidence presented here should be factored 
into decisions regarding the taxonomic status of H. dasycalyx.
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Chapter 3 
Molecular Genetics 
Introduction 
Past studies have sought to understand the relationship of the endemic East Texas 
Hibiscus dasycalyx (Neches River Rose Mallow) to its co-occurring, more widely 
distributed sister species, Hibiscus laevis (Halberdleaf Rose Mallow) and Hibiscus 
moscheutos (Crimson-Eyed Rose Mallow) (Blanchard, 1976; Klips, 1995; Small, 2004). 
These studies suggest that H. laevis and H. dasycalyx are closely related, whereas H. 
moscheutos is more distantly related; but the monophyly of H. dasycalyx, especially with 
reference to H. laevis, has not yet been established, even though this is fundamentally 
important for verifying the current taxonomy and conservation status of H. dasycalyx.  
 The most recent study conducted by Small (2004) attempted to determine the 
relationship amongst the five species of Hibiscus L. sect. Muenchhusia using sequence 
data from the chloroplast DNA gene ndhF and rpL16, the internal transcribed spacer 
region of nuclear ribosomal DNA (ITS), and a nuclear encoded granule-bound starch 
synthase gene (GBSSI). These sequences were chosen because ITS and noncoding 
regions of cpDNA tend to display greater variation than cpDNA or nuclear rDNA genes 
for identification at low taxonomic levels (Sang et al., 1997; Small et al., 1998). The 
GBSSI gene was used despite the fact that low copy nuclear genes are used less often 
(due to difficulty in isolation and characterization), because they can provide characters 
that are phylogenetically informative when cpDNA and ITS do not (Sang, 2002; Small, 
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1998). The GBSSI gene has been implemented in a variety of plant studies at the species 
level (Peralta and Spooner, 2001; Walsh and Hoot, 2001; Smedmark et al., 2003; Small, 
2004). According to van der Leij et al. (1991) the GBSSI gene appears to consist of one 
untranslated and 13 translated exons and to be conserved in structure. Small (2004) used 
the 59 end of the GBSSI gene (exons 1-8 or 9) with both exon and intron sequences used 
for phylogenetic analysis. Small (2004) excluded ndhF and rpL16 data due to the lack of 
any phylogenetically informative characters; the ITS data was also excluded in the 
analysis due to very low phylogenetically informative characters. Therefore the 
phylogenetic analysis for the separation of the five species within Hibiscus L. sect. 
Muenchhusia was constructed using only the GBSSI gene. From this data it was 
concluded that species fell out into two main clades: one with H. grandifloras and H. 
moscheutos and the other with H. coccineus, H. dasycalyx, and H. laevis. There was also 
some evidence of hybridization of H. moscheutos with H. dasycalyx and H. grandifloras. 
 Although the data produced by Small (2004) provided some evidence for the 
relationship of H. dasycalyx to its two sympatric species H. laevis and H. moscheutos. He 
found that H. moscheutos formed a monophyletic group separate from H. dasycalyx and 
H. laevis, and H. dasycalyx and H. laevis were reciprocally monophyletic to each other. 
But this study only included two samples of both of H. laevis and H. dasycalyx and four 
samples H. moscheutos. Furthermore, none of the samples of H. laevis and H. 
moscheutos were from Texas. As Small (2004) points out, more sampling is needed of 
these species, especially within the range of H. dasycalyx, to resolve these relationships 
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more definitively. Such an endeavor would be especially timely, considering the recent 
listing of H. dasycalyx as a federally threatened species. 
 This study seeks understand of the phylogenetic relationship of the threatened 
species H. dasycalyx to its two sympatric co-occurring congeners, H. laevis and H. 
moscheutos, and to provide evidence in favor of or against the taxonomic standing of H. 
dasycalyx as a separate entity from either of these other two species. This was conducted 
by sequencing the nuclear GBSSI gene region used by Small (2004), and by using larger 
sample sizes of each of the three Hibiscus species, with special emphasis on obtaining 
more samples from Texas. 
 
Materials and Methods 
All plant tissue samples of H. dasycalyx, H. laevis, and H. moscheutos were from 
personal field collections conducted between June – October 2014 (Table 8). DNA was 
extracted from young leaves of each plant using the DNeasy Plant Mini Kit (Qiagen). 
Sequence data was obtained from the loci of a nuclear-encoded granule-bound starch 
synthase I gene (GBSSI). PCR and sequencing primers are given in Table 9. PCR 
reactions were performed in 50 ml volumes with the following reaction components 
35.75 µL RNase-free H2O, 5 µL 10x ExTaq buffer (TaKaRa), 4 µL dNTPs, 2 µL MgCl2, 
2 µL BSA, 0.5 µL each 2- µmol primer , 0.25 µL ExTaq (TaKaRa), and 1 µL DNA 
(Small, 2004). The addition of bovine serum albumin (BSA) was used to help improve 
the amplification of difficult templates. PCR cycling conditions used for the amplification 
of the GBSSI nDNA were: 30 cycles each of denaturation at 94°C for 30 sec, primer 
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annealing at 60°C for 30 sec, primer extension at 72°C for 2 min. A final extension step 
consisted of 5 min at 72°C (Small, 2004). All PCR reactions were performed in 
Eppendorf Mastercycler personal thermal cyclers. 
 Verification of PCR product amplification was performed via gel electrophoresis. 
PCR products were purified prior to sequencing with illustra MicroSpin G-50 Columns 
(GE Healthcare). Purified PCR products were sent to Eurofins MWG Operon to be 
sequenced on an ABI 3730xl DNA sequencer. Sequencher 5.2.4 (Gene Codes 
Corporation, Ann Arbor, MI) was used to manually proofread and edit sequenced DNA. 
ClustalX (Thompson et al., 1997) was used to align all sequences before a final round of 
editing. Exon regions of all sequences were removed and intron regions were spliced 
together using Mesquite 3.01 (Maddison and Maddison, 2014). Inter- and intra- specific 
sequence divergence calculations were made in Mesquite 3.01 (Maddison and Maddison, 
2014). A ML tree for the intron region of the GBSSI gene was generated using PhyML 
3.1 (Guindon et al., 2010). To statistically support the ML phylogeny a non-parametric 
bootstrap resampling using 1000 bootstrap replicates was performed (Felsenstein, 1981). 
jModeltest 2.16 v20140903 was used to determine the substitution model to use by using 
the Bayesian Information Criterion (BIC) (Darriba et al., 2011). HKY was determined to 
be the best model of sequence evolution for the data according to the jModeltest. The 
default HKY85 model was used as the substitution model in PhyML. The ML tree was 
rooted using a sequence from H. trionum (Small, R. L., 2004; GenBank accession No. 
AY341422) as the outgroup species. 
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Results 
 1,867 nucleotides of the 1,927 nucleotide GBSSI gene were sequenced and 
aligned from 10 H. dasycalyx, 14 H. laevis, and 14 H. moscheutos individuals (Table 8). 
An intron only alignment of the sequences was performed and consisted of 1,089 
nucleotides; 17 were variable and 6 were parsimoniously informative. The intron 
sequence data was used in all phylogenetic analyses.  GBSSI intron sequence divergence 
for each species pairing was as follows: 0.0057 or 0.57% between H. dasycalyx and H. 
laevis, 0.013 or 1.3% between H. dasycalyx and H. moscheutos, and 0.014 or 1.4% 
between H. laevis and H. moscheutos (Table 10). Intraspecific sequence divergence was 
low for each Hibiscus species (Table 11) The sequence divergence data showing H. 
dasycalyx and H. laevis to be more closely related to each other and both more distantly 
related to H. moscheutos was supported by the rooted maximum likelihood tree that 
represented the relatedness of the three Hibiscus species (Figure 17). The ML tree 
separated the three species into two clades (Figure 17) The first diverged clade was of all 
accessions of H. moscheutos in a monophyletic grouping with moderately supported 
bootstrap values (77%) and the second clade consisted of a monophyletic grouping of all 
accessions of H. dasycalyx + H. laevis (Figure 17).  
Discussion 
These results support previous findings that H. moscheutos is an outgroup to H. 
laevis and H. dasycalyx (Blanchard, 1976; Klips, 1995; Small, 2004), but this time 
samples were mostly from Texas, where the focal endemic species is located, and DNA 
sequence data was used for the genetic analysis using far more samples of each species 
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than had been used previously. There was little bootstrap support for nodes within the H. 
dasycalyx-H. laevis grouping, meaning that it is not possible based on this GBSSI dataset 
to determine whether H. dasycalyx and H. laevis are actually reciprocally monophyletic, 
as Small (2004) had found previously. Apparently the story becomes more complicated 
once more samples are added to the dataset (especially Texas samples) and the 
relationship within this group becomes less clear as a result. Therefore, whether or not H. 
dasycalyx is monophyletic remains an open question. 
 Sequence divergence values suggest that the divergence of the three Hibiscus 
plants may be recent, given that the overall genetic differentiation between species in this 
group is low. The particularly low sequence divergence values between H. dasycalyx and 
H. laevis (<1.0%) are congruent with earlier studies, and with the GBSSI phylogeny we 
generated here, that suggest these two species are, at the very least, very closely related.  
It is important to caution that this analysis is based solely on one gene, so it 
should not be decided, based on this information alone, that H. dasycalyx is simply part 
of the variation occurring within H. laevis rather than a separate species. Since H. 
dasycalyx is currently listed as threatened, it is important to gather a complete 
understanding of the genetics of this rare plant by making a more comprehensive 
consensus phylogeny based on more phylogenetically informative genes. Ecological 
information can also be brought to bear on this question, since ecological differentiation 
among putatively incipient species, such as H. dasycalyx and H. laevis, may be more 
pronounced and easier to discern than genetic differentiation at the earliest stages of the 
speciation/differentiation process (Coyne and Orr, 2004). 
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 Chapter 4 
Concluding Remarks and Synthesis  
 Both the ecological and genetic results presented here failed to recover H. 
dasycalyx as a separate entity from H. laevis. But it is still possible that H. dasycalyx and 
H. laevis are reciprocally monophyletic (although at a very early stage of the 
differentiation process), which would leave open the possibility that H. dasycalyx is, at 
the very least, a unique subspecies of H. laevis that is rare and eligible for conservation 
protection. But if that were the case, it would be expected that H. dasycalyx and H. laevis 
would be ecologically differentiated from one another as a barrier to gene flow (Schluter 
2009), since these two species are geographically sympatric; but such ecological 
differentiation between these two species was not found. Based on the indistinguishable 
ecological characteristics of H. dasycalyx and H. laevis, as well as the lack of clear 
genetic differentiation between them, it is possible that H. dasycalyx is a variant (or 
collection of variants) of H. laevis rather than a separate species. But since the work 
presented here is based on only one gene, more phylogenetically informative genes need 
to be sequenced and added on to this work to get a clearer picture of the species’ 
phylogeny, paying special attention to whether H. dasycalyx and H. laevis turn out to be 
reciprocally monophyletic or not. Furthermore, extensive ground-truthing of the 
ecological niche models presented here should be performed to validate the models as 
well as to identify more locations (and potentially suitable locations) of the Neches River 
Rose Mallow that can aid in conservation planning.  
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Appendix A. Tables 
Table 1. A comprehensive list of occurrence data used in ecological niche modeling for 
H. dasycalyx, H. laevis, and H. moscheutos. 
Species Longitude Latitude 
H. dasycalyx -94.9085 31.28769 
H. dasycalyx -94.9019 31.28261 
H. dasycalyx -95.0995 31.90117 
H. dasycalyx -95.4769 31.10137 
H. dasycalyx -95.0411 31.34297 
H. dasycalyx -94.9053 31.283 
H. dasycalyx -94.9085 31.28765 
H. dasycalyx -94.9086 31.28765 
H. dasycalyx -94.9086 31.28753 
H. dasycalyx -94.9087 31.28757 
H. dasycalyx -94.9088 31.28762 
H. dasycalyx -94.9088 31.2877 
H. dasycalyx -94.9088 31.28775 
H. dasycalyx -94.9089 31.28775 
H. dasycalyx -94.9086 31.28743 
H. dasycalyx -94.9086 31.28745 
H. dasycalyx -94.9087 31.28738 
H. dasycalyx -94.9087 31.28742 
H. dasycalyx -94.9086 31.28737 
H. dasycalyx -94.9086 31.28728 
H. dasycalyx -94.9086 31.28723 
H. dasycalyx -94.9085 31.2872 
H. dasycalyx -94.9086 31.28722 
H. dasycalyx -94.9086 31.2873 
H. dasycalyx -94.9086 31.28742 
H. dasycalyx -94.9084 31.28753 
H. dasycalyx -94.9084 31.28755 
H. dasycalyx -94.9085 31.2876 
H. dasycalyx -94.9084 31.28763 
H. dasycalyx -94.9084 31.28763 
H. dasycalyx -94.9083 31.28763 
H. dasycalyx -94.9086 31.28768 
H. dasycalyx -94.9085 31.28763 
H. dasycalyx -94.9085 31.28763 
H. dasycalyx -94.9083 31.28759 
H. dasycalyx -94.9083 31.28756 
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Species Longitude Latitude 
H. dasycalyx -94.9083 31.28754 
H. dasycalyx -94.9083 31.28758 
H. dasycalyx -94.9084 31.28761 
H. dasycalyx -94.9084 31.28753 
H. dasycalyx -94.9084 31.28755 
H. dasycalyx -94.9085 31.28714 
H. dasycalyx -94.9084 31.28701 
H. dasycalyx -94.9087 31.28741 
H. dasycalyx -94.9087 31.28741 
H. dasycalyx -94.9087 31.28743 
H. dasycalyx -94.9087 31.28747 
H. dasycalyx -94.9087 31.28747 
H. dasycalyx -94.9086 31.28766 
H. dasycalyx -94.9083 31.2878 
H. dasycalyx -94.9054 31.28303 
H. dasycalyx -94.9017 31.28453 
H. dasycalyx -94.9022 31.28498 
H. dasycalyx -94.9022 31.285 
H. dasycalyx -94.9024 31.285 
H. dasycalyx -94.9027 31.28504 
H. dasycalyx -94.9027 31.28516 
H. dasycalyx -94.9027 31.28505 
H. dasycalyx -94.9027 31.28501 
H. dasycalyx -94.9027 31.28501 
H. dasycalyx -94.9026 31.28525 
H. dasycalyx -95.2111 30.98139 
H. laevis -95.0995 31.90117 
H. laevis -96.7043 32.70308 
H. laevis -96.7044 32.70435 
H. laevis -96.7052 32.70403 
H. laevis -96.7044 32.70323 
H. laevis -95.8034 33.32034 
H. laevis -95.2846 31.62904 
H. laevis -94.6729 32.63586 
H. laevis -94.4233 32.67161 
H. laevis -95.57 33.65111 
H. laevis -95.5287 30.92031 
H. laevis -94.08 30.5 
H. laevis -94.751 32.67313 
H. laevis -95.6211 29.36615 
H. laevis -94.8888 31.2867 
  
32 
Species Longitude Latitude 
H. laevis -95.1895 32.54451 
H. laevis -94.8912 31.28613 
H. moscheutos -94.902 31.28267 
H. moscheutos -95.4601 32.31354 
H. moscheutos -95.4604 32.31261 
H. moscheutos -95.4583 32.58368 
H. moscheutos -95.3113 32.1404 
H. moscheutos -94.516 32.62743 
H. moscheutos -94.5027 32.6789 
H. moscheutos -94.5804 32.61523 
H. moscheutos -94.8986 31.2825 
H. moscheutos -95.7781 29.1225 
H. moscheutos -93.9019 30.26028 
H. moscheutos -94.3772 29.625 
H. moscheutos -94.3737 29.67281 
H. moscheutos -93.7946 30.55082 
H. moscheutos -95.3174 32.20589 
H. moscheutos -94.5156 32.62784 
H. moscheutos -94.5952 32.60126 
H. moscheutos -94.7935 32.46132 
H. moscheutos -94.3193 33.03356 
H. moscheutos -94.1879 32.69605 
H. moscheutos -94.9304 31.31666 
 
Table 2. Environmental variables used to generate ecological niche models for the three 
Hibiscus species. 
Environmental Variable Source 
Geology United States Geological Survey (USGS)  
Landcover  United States Geological Survey (USGS) 
Soil National Resource Conservation Service (NRCS) 
2006 
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Appendix A (Continued) 
Table 3. The unique characteristic that had the most contribution, within each 
environmental variable, in producing the ecological niche model for each Hibiscus 
species. Values in parentheses represent the probability of presence for each species at 
the given attribute. 
Environmental 
Layer 
H. dasycalyx H. laevis H. moscheutos 
Geology Sand (0.58) Sand (0.55) Sand (0.58) 
Landcover “West Gulf Coastal 
Plain Large River 
Floodplain Forest” 
(0.77) 
“Central Interior and 
Appalachian 
Floodplain Systems” 
(0.82) 
“West Gulf Coastal 
Plain Pine-Hardwood 
Flatwoods” (0.73) 
 “Open Water 
(Fresh)” (0.68) 
“Recently burned 
grassland” (0.81) 
“Developed, Low 
Intensity” (0.81) 
Soil average range of 
permeability of 
0.67-2.04 cm/hr, 
organic matter 
content of 0.114-
0.328 % by weight, 
slopes of 0-1.09 %, 
depth to seasonally 
high water table of 
0.32-0.66 m, and a 
bulk density of 
1.409-1.625 g/cm3 
(0.80) 
average range of 
permeability of 1.36-
5.20 cm/hr, organic 
matter content of 
0.254-0.831 % by 
weight, slopes of 
0.08-1.16 %, depth to 
seasonally high water 
table of 0.35-0.77 m, 
and a bulk density of 
1.387-1.617 g/cm3 
(0.82) 
average range of 
permeability of 1.36-
5.20 cm/hr, organic 
matter content of 
0.254-0.831 % by 
weight, slopes of 
0.08-1.16 %, depth to 
seasonally high water 
table of 0.35-0.77 m, 
and a bulk density of 
1.387-1.617 g/cm3 
(0.82) 
 
 
 
  
34 
 
 
Appendix A (Continued) 
Table 4. Observed I values and 5% critical values for ecological niche differentiation. 
Significant values are bolded (non-identical niches) and occur when the observed value is 
below the 5% critical value. 
Species Comparison Observed value 5% critical value 
H. dasycalyx vs. H. laevis 0.731 0.716 
H. dasycalyx vs. H. moscheutos 0.651 0.689 
H. laevis vs. H. moscheutos 0.674 0.668 
 
Table 5. Unique geological characteristic of primary rock type with corresponding ID 
value shown in Maxent response curves for most important geologic characteristic. 
ID Value Rock Type 
1 Water 
2 Sand 
3 Terrace 
4 Shale 
5 Mudstone 
6 Limestone 
7 Clay or Mud 
8 Fine-grained Mixed Clastic 
9 Sandstone 
10 Gravel 
11 Siltstone 
12 Indeterminate 
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Appendix A (Continued) 
 
Table 6. Unique landcover type with corresponding ID value shown in response curves 
produced by Maxent. 
ID Value Landcover Type 
1 West Gulf Coastal Plain Upland Longleaf Pine Forest and Woodland 
2 Central and South Texas Coastal Fringe Forest and Woodland 
3 West Gulf Coastal Plain Chenier and Upper Texas Coastal Fringe Forest 
and Woodland 
4 West Gulf Coastal Plain Mesic Hardwood Forest 
5 East-Central Texas Plains Pine Forest and Woodland 
6 West Gulf Coastal Plain Pine-Hardwood Forest 
7 West Gulf Coastal Plain Sandhill Oak and Shortleaf Pine Forest and 
Woodland 
8 Edwards Plateau Dry-Mesic Slope Forest and Woodland 
9 Edwards Plateau Limestone Savanna and Woodland 
10 Crosstimbers Oak Forest and Woodland 
11 East-Central Texas Plains Post Oak Savanna and Woodland 
12 Ozark-Ouachita Dry-Mesic Oak Forest 
13 Managed Tree Plantation 
14 Ruderal forest 
15 Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - 
Offsite Hardwood 
16 Ozark-Ouachita Shortleaf Pine-Oak Forest and Woodland 
18 Western Great Plains Floodplain Systems 
19 Central Interior and Appalachian Floodplain Systems 
20 Central Interior and Appalachian Riparian Systems 
21 Ozark-Ouachita Riparian 
22 East-Central Texas Plains Floodplain Forest 
23 Southeastern Great Plains Riparian Forest 
24 Red River Large Floodplain Forest 
25 West Gulf Coastal Plain Large River Floodplain Forest 
26 West Gulf Coastal Plain Near-Coast Large River Swamp 
27 West Gulf Coastal Plain Small Stream and River Forest 
28 Gulf and Atlantic Coastal Plain Swamp Systems 
29 West Gulf Coastal Plain Seepage Swamp and Baygall 
30 West Gulf Coastal Plain Nonriverine Wet Hardwood Flatwoods 
31 West Gulf Coastal Plain Pine-Hardwood Flatwoods 
33 West Gulf Coastal Plain Wet Longleaf Pine Savanna and Flatwoods 
34 Tamaulipan Riparian Systems 
35 Western Great Plains Shortgrass Prairie 
36 Arkansas Valley Prairie and Woodland 
37 Southeastern Great Plains Tallgrass Prairie 
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ID Value Landcover Type 
38 Texas Blackland Tallgrass Prairie 
39 Texas-Louisiana Coastal Prairie 
40 West Gulf Coastal Plain Northern Calcareous Prairie 
41 West Gulf Coastal Plain Southern Calcareous Prairie 
42 Central and Upper Texas Coast Dune and Coastal Grassland 
43 South Texas Sand Sheet Grassland 
44 Louisiana Beach 
45 Texas Coastal Bend Beach 
46 Upper Texas Coast Beach 
47 Texas-Louisiana Coastal Prairie Slough 
48 Great Plains Depressional Wetland Systems 
49 Gulf and Atlantic Coastal Plain Tidal Marsh Systems 
50 Texas Saline Coastal Prairie 
51 Tamaulipan Calcareous Thornscrub 
52 Tamaulipan Mesquite Upland Scrub 
53 Tamaulipan Mixed Deciduous Thornscrub 
54 Tamaulipan Savanna Grassland 
55 Cultivated Cropland 
56 Pasture/Hay 
57 Modified/Managed Southern Tall Grassland 
58 Introduced Riparian and Wetland Vegetation 
59 "Disturbed, Non-specific" 
60 Harvested Forest - Grass/Forb Regeneration 
61 Harvested Forest-Shrub Regeneration 
62 Recently burned grassland 
63 Disturbed/Successional - Shrub Regeneration 
64 Open Water (Fresh) 
65 "Developed, Open Space" 
66 "Developed, Low Intensity" 
67 "Developed, Medium Intensity" 
68 "Developed, High Intensity" 
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Appendix A (Continued) 
Table 7. Unique soil characteristics with corresponding ID value shown in response curves produced by Maxent. Table heading 
abbreviations represent the following: MUID = mapping unit identifier, SLOPEL = low value for the range in land-surface slope 
(percent), SLOPEH = high value for the range in land-surface slope (percent), WTDEPL = low value for the range in depth to 
the seasonally high water table (feet), WTDEPH = high value for the range in depth to the seasonally high water table (feet), 
ROCKDEPL = low value for the range in the total soil thickness examined (inches), ROCKDEPH = high value for the range in 
the total soil thickness examined (inches),  PERML = low value for the range in permeability (inches per hour), PERMH = high 
value for the range in permeability (inches per hour),  AWCL = low value for the range in available water capacity (fraction), 
AWCH = high value for the range in available water capacity (fraction),  BDL = low value for the range in bulk density (grams 
per cubic centimeter), BDH = high value for the range in bulk density (grams per cubic centimeter),  OML = low value for the 
range in organic matter content (percent by weight) and OMH = high value for the range in organic matter content (percent by 
weight). 
ID MUID SLOPEL SLOPEH WTDEPL WTDEPH ROCKDEPL ROCKDEPH PERML PERMH AWCL AWCH BDL BDH OML OMH 
1 OK205 0.21 1.38 4.825 5.41 60 60 1.487 4.671 0.131 0.187 1.371 1.646 0.204 0.556 
2 OKW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
3 TX624 1.47 4.35 2.875 3.5 60 60 0.303 1.226 0.146 0.213 1.302 1.586 0.294 1.693 
4 OK167 1.87 11.74 5.79 5.825 32.639999 37.68 0.16 0.526 0.114 0.175 1.207 1.46 1.438 3.971 
5 OK209 0 1 5.2 5.36 60 60 0.143 0.522 0.128 0.18 1.264 1.488 0.756 2.25 
6 OK213 0.33 1.69 1.61 2.735 59.799999 60 0.42 1.358 0.147 0.212 1.303 1.558 0.396 1.703 
7 OK200 3.11 7.13 5.155 5.375 58.200001 60 0.972 3.084 0.11 0.177 1.366 1.653 0.173 0.369 
8 TX510 0.26 1.58 4.125 4.69 60 60 1.423 4.448 0.125 0.196 1.355 1.609 0.329 0.691 
9 OK207 1.49 4.2 3.955 4.455 60 60 0.483 1.581 0.133 0.198 1.282 1.543 0.304 1.21 
10 TX600 3.06 8.38 4.515 4.865 60 60 0.687 2.338 0.12 0.176 1.359 1.618 0.2 0.877 
11 OK210 0 1 4.695 5.455 60 60 3.011 9.855 0.103 0.159 1.394 1.64 0.207 0.492 
12 TXW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
13 OK212 2.77 7.56 3.91 4.41 60 60 0.534 2.119 0.111 0.17 1.337 1.611 0.146 0.67 
14 TX250 0.34 1.88 1.67 3.53 60 60 0.151 0.504 0.137 0.187 1.24 1.463 0.469 1.625 
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ID MUID SLOPEL SLOPEH WTDEPL WTDEPH ROCKDEPL ROCKDEPH PERML PERMH AWCL AWCH BDL BDH OML OMH 
15 TX243 1.45 4.33 2.535 3.195 60 60 0.478 1.741 0.127 0.185 1.37 1.592 0.276 0.876 
16 TX633 0 7.99 4.57 4.83 60 60 0.457 1.503 0.11 0.187 1.449 1.577 0.483 1.937 
17 TX236 1.34 3.8 5.3 5.51 58.400002 59.200001 0.149 0.455 0.136 0.192 1.368 1.468 0.773 2.909 
18 TX507 1.96 4.82 2.72 3.615 60 60 0.374 1.21 0.131 0.184 1.295 1.542 0.352 1.112 
19 OK201 0 1.16 1 2.43 60 60 0.151 1.135 0.148 0.209 1.326 1.599 0.225 0.571 
20 TX559 0.69 2.49 3.265 4.24 60 60 0.482 1.473 0.133 0.193 1.376 1.577 0.468 1.872 
21 TX226 0.98 19.38 5.91 5.94 60 60 0.384 1.28 0.15 0.188 1.273 1.493 0.7 2.264 
22 TX084 1.69 5.31 5.89 5.91 50 55 0.604 1.939 0.127 0.185 1.4 1.609 0.193 0.571 
23 OK216 0.26 1.58 4.125 4.69 60 60 1.423 4.448 0.125 0.196 1.355 1.609 0.329 0.691 
24 TX080 0.82 2.68 3.849 4.355 60 60 0.468 1.561 0.112 0.155 1.432 1.606 0.817 1.775 
25 AR054 0.26 1.58 4.125 4.69 60 60 1.423 4.448 0.125 0.196 1.355 1.609 0.329 0.691 
26 AR033 0 1.16 1 2.43 60 60 0.151 1.135 0.148 0.209 1.326 1.599 0.225 0.571 
27 TX178 0.99 3.62 5.755 5.825 39.970001 52.799999 0.391 1.27 0.11 0.182 1.422 1.558 0.626 2.504 
28 TX251 0 1.4 1.725 3.45 60 60 0.105 0.35 0.15 0.2 1.34 1.489 0.829 3.153 
29 TX024 1.24 3.67 3.65 4.26 60 60 0.503 1.723 0.114 0.165 1.287 1.52 0.24 1.392 
30 TX023 0.67 2.28 3.29 3.8 60 60 0.342 1.135 0.127 0.173 1.273 1.491 0.308 1.867 
31 TX477 1.44 5.16 4.93 5.22 60 60 2.571 8.556 0.1 0.15 1.349 1.596 0.336 1.007 
32 TX620 1.36 5.34 3.625 4.375 60 60 0.574 1.88 0.109 0.163 1.292 1.554 0.267 0.984 
33 TX193 0 1 5.01 5.34 60 60 0.322 1.005 0.14 0.197 1.313 1.504 0.654 2.495 
34 TX141 0.38 2.12 1.105 1.74 60 60 0.325 1.072 0.121 0.179 1.346 1.57 0.395 1.35 
35 TX357 0.46 1.93 1.395 2.385 60 60 0.698 2.322 0.107 0.161 1.284 1.555 0.503 1.242 
36 TX172 0.1 1.43 0.88 2.26 60 60 0.564 1.869 0.127 0.184 1.4 1.61 0.128 0.913 
37 AR055 0.34 1.88 1.67 3.53 60 60 0.151 0.504 0.137 0.187 1.24 1.463 0.469 1.625 
38 AR057 1.96 4.82 2.72 3.615 60 60 0.374 1.21 0.131 0.184 1.295 1.542 0.352 1.112 
39 TX296 2.61 6.89 5.045 5.38 60 60 2.099 6.969 0.089 0.138 1.484 1.672 0.31 1.007 
40 TX067 3.44 10.09 4.395 5.105 60 60 0.865 2.832 0.1 0.151 1.431 1.621 0.221 0.984 
41 TX619 2.28 6.32 4.085 5.465 60 60 2.533 8.431 0.094 0.141 1.306 1.597 0.27 0.866 
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ID MUID SLOPEL SLOPEH WTDEPL WTDEPH ROCKDEPL ROCKDEPH PERML PERMH AWCL AWCH BDL BDH OML OMH 
42 TX492 2.48 7.23 3.1 4.245 60 60 0.549 1.78 0.115 0.163 1.398 1.591 0.288 1.126 
43 TX235 0.83 7.37 5.265 5.46 58 59 0.301 0.981 0.14 0.187 1.307 1.488 0.685 2.344 
44 TX316 0.08 1.16 1.15 2.53 60 60 0.535 2.046 0.141 0.198 1.387 1.617 0.254 0.831 
45 TX122 5.85 16.88 5.34 5.555 60 60 0.665 2.182 0.097 0.149 1.363 1.568 0.25 0.947 
46 TX212 1.19 3.14 3.715 4.46 60 60 0.507 1.614 0.097 0.171 1.387 1.609 0.5 1.508 
47 AR056 2.48 7.23 3.1 4.245 60 60 0.549 1.78 0.115 0.163 1.398 1.591 0.288 1.126 
48 LA345 2.48 7.23 3.1 4.245 60 60 0.549 1.78 0.115 0.163 1.398 1.591 0.288 1.126 
49 TX574 0 1 2.265 3.605 60 60 0.236 0.765 0.146 0.2 1.356 1.52 0.753 2.565 
50 LA233 1.63 6.06 6 6 60 60 4.222 14.065 0.077 0.119 1.36 1.613 0.304 1.051 
51 TX035 0.66 7.97 5.865 5.91 34.139999 43.200001 0.301 0.959 0.121 0.168 1.345 1.495 0.73 2.641 
52 LA252 0.08 1.16 1.15 2.53 60 60 0.535 2.046 0.141 0.198 1.387 1.617 0.254 0.831 
53 TX175 0.3 1.69 1.96 3.19 60 60 0.521 1.672 0.13 0.185 1.351 1.632 0.255 0.853 
54 TX636 1.63 6.06 6 6 60 60 4.222 14.065 0.077 0.119 1.36 1.613 0.304 1.051 
55 TX610 0.02 5.96 3.25 3.75 60 60 0.292 0.928 0.107 0.179 1.39 1.529 0.507 2.028 
56 TX047 1.68 4.86 4.395 5.475 60 60 0.729 2.334 0.11 0.159 1.329 1.569 0.188 1.03 
57 TX516 1.17 5.27 5.59 5.685 60 60 1.822 5.983 0.098 0.151 1.419 1.626 0.478 1.187 
58 TX034 0.42 6.32 6 6 40.169998 49.049999 0.226 0.689 0.141 0.19 1.347 1.462 0.755 2.57 
59 TX508 1.14 5.39 2.92 4.05 60 60 0.597 1.942 0.122 0.19 1.311 1.601 0.353 1.047 
60 TX282 0.7 3.58 1.97 3.235 60 60 1.559 5.046 0.107 0.16 1.405 1.62 0.302 0.921 
61 LA346 1.14 5.39 2.92 4.05 60 60 0.597 1.942 0.122 0.19 1.311 1.601 0.353 1.047 
62 TX270 1.26 4.16 4.66 5.155 60 60 0.86 3.351 0.083 0.152 1.395 1.633 0.39 1.127 
63 TX046 0.82 2.78 4.35 5.49 60 60 0.762 2.432 0.12 0.176 1.364 1.622 0.185 0.964 
64 LAW 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
65 TX033 0.04 1.14 3.18 4.1 60 60 0.449 1.46 0.137 0.194 1.338 1.533 0.699 2.014 
66 LA231 1.17 4.4 3.545 4.26 59 59 0.43 1.418 0.18 0.221 1.353 1.617 0.378 2.03 
67 TX372 2.17 8.24 3.815 4.77 60 60 0.616 1.968 0.109 0.159 1.342 1.593 0.321 0.978 
68 LA230 1.18 5.23 2.98 3.855 57 57 0.196 0.736 0.138 0.189 1.324 1.64 0.138 0.804 
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ID MUID SLOPEL SLOPEH WTDEPL WTDEPH ROCKDEPL ROCKDEPH PERML PERMH AWCL AWCH BDL BDH OML OMH 
69 LA254 1.939 7.929 5.434 5.591 58.990002 58.990002 0.234 0.778 0.114 0.171 1.284 1.613 0.419 0.997 
70 TX211 0.52 9.32 6 6 60 60 0.503 1.746 0.094 0.173 1.406 1.587 0.495 1.444 
71 TX469 2.02 6.52 5.265 5.58 60 60 0.498 1.623 0.103 0.147 1.374 1.549 0.454 1.028 
72 TX493 2.88 9.58 4.16 5.07 60 60 0.47 1.542 0.11 0.157 1.338 1.531 0.311 1.24 
73 TX317 0 1 2.15 2.91 60 60 0.557 1.83 0.131 0.187 1.389 1.558 0.259 0.643 
74 LA258 1.214 4.816 3.954 5.051 60 60 0.67 2.152 0.11 0.164 1.5 1.732 0.141 0.928 
75 TX121 0 7.99 4.57 4.83 60 60 0.457 1.503 0.11 0.187 1.449 1.577 0.483 1.937 
76 LA253 1.646 5.091 3.071 3.909 60 60 0.261 0.943 0.133 0.186 1.356 1.663 0.228 0.926 
77 TX570 3.85 12.11 5.72 5.84 47.200001 56 0.707 2.29 0.11 0.165 1.387 1.601 0.171 0.626 
78 TX297 1.4 7.08 5.82 5.88 60 60 2.834 9.431 0.08 0.128 1.509 1.698 0.36 1.035 
79 LA159 0.1 1.43 0.88 2.26 60 60 0.564 1.869 0.127 0.184 1.4 1.61 0.128 0.913 
80 TX186 0.25 3 3.625 4.35 60 60 0.702 2.226 0.113 0.16 1.295 1.536 0.374 1.447 
81 TX123 4 12.5 6 6 60 60 1.434 4.777 0.087 0.138 1.418 1.612 0.314 0.966 
82 TX161 0.78 5.4 5.41 5.625 60 60 0.883 2.91 0.096 0.156 1.423 1.625 0.454 0.981 
83 TX355 3.06 9.77 5.47 5.71 50.560001 56.799999 0.313 0.991 0.115 0.168 1.388 1.582 0.199 0.633 
84 TX271 0 11.71 5.615 5.685 60 60 0.521 1.671 0.099 0.156 1.452 1.62 0.25 0.95 
85 TX221 0 2.6 0.155 1.935 60 60 1.545 4.689 0.072 0.13 1.216 1.514 0.232 0.832 
86 TX415 1.35 6.75 4.575 5.675 60 60 4.682 14.759 0.07 0.112 1.343 1.612 0.445 1.045 
87 TX150 1.77 6.12 4.215 4.88 60 60 0.684 2.284 0.114 0.167 1.338 1.614 0.361 1.011 
88 TX206 0 1.15 4.225 4.8 60 60 0.397 1.319 0.149 0.199 1.39 1.544 0.749 3.005 
89 TX390 0 12.18 6 6 60 60 3.206 10.655 0.083 0.128 1.349 1.585 0.486 0.997 
90 TX045 0.07 2.02 3.12 4.69 60 60 0.97 3.054 0.119 0.17 1.367 1.59 0.261 0.995 
91 TX568 0.89 11.47 5.34 5.395 60 60 6.072 18.393 0.046 0.083 1.349 1.593 0.468 1.046 
92 TX053 0.8 9.28 6 6 60 60 0.083 0.269 0.104 0.18 1.253 1.596 0.016 0.089 
93 TX255 0.45 1.53 2.48 3.755 60 60 0.72 2.378 0.132 0.183 1.342 1.62 0.325 1.09 
94 TX373 1 10.8 3.7 5.4 60 60 1.318 4.313 0.109 0.154 1.344 1.652 0.315 0.845 
95 TX500 0 1 3.305 4.98 60 60 0.309 0.982 0.125 0.174 1.328 1.572 0.283 2.001 
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96 TX050 0.72 6.32 3.52 5.275 60 60 1.465 4.716 0.099 0.147 1.322 1.591 0.296 0.87 
97 TX081 0.1 4 3.78 4.35 60 60 0.689 2.216 0.11 0.155 1.424 1.603 0.7 1.847 
98 LA114 0.17 1.55 0.88 2.365 60 60 0.61 2.323 0.15 0.208 1.351 1.668 0.414 1.576 
99 TX011 1.4 6.1 3.875 4.7 55 60 0.429 1.379 0.119 0.167 1.394 1.59 0.254 0.836 
100 TX416 1.92 20.75 4.46 6 60 60 2.7 9.012 0.093 0.14 1.303 1.61 0.254 0.873 
101 TX621 1.84 7.1 3.76 4.52 60 60 0.253 0.847 0.109 0.165 1.284 1.521 0.225 1.047 
102 TX272 0 1.09 1.065 2.16 60 60 0.263 0.802 0.117 0.175 1.409 1.625 0.114 0.328 
103 LA119 2.46 7.43 4.975 5.355 60 60 0.263 0.899 0.114 0.171 1.326 1.624 0.398 0.992 
104 TX478 2.76 9.46 5.405 5.67 29.200001 45.400002 1.778 5.431 0.108 0.154 1.405 1.604 0.462 1.688 
105 TX389 0.65 14.25 6 6 56 58 4.213 14.039 0.064 0.104 1.349 1.578 0.351 0.897 
106 LA130 2.32 7.31 6 6 60 60 0.465 1.749 0.133 0.196 1.224 1.515 1.965 4.062 
107 TX037 0 9.81 5.16 5.79 60 60 1.112 3.619 0.091 0.143 1.442 1.643 0.328 1.02 
108 TX118 1 4.2 4.155 4.7 60 60 0.316 1.054 0.118 0.188 1.381 1.514 0.449 1.387 
109 TX006 0.65 3.93 2.47 3.785 59.599999 60 0.63 2.049 0.122 0.181 1.355 1.591 0.316 1.05 
110 TX318 1.19 4.89 5.895 5.935 58 59 0.474 1.525 0.104 0.159 1.352 1.584 0.182 0.825 
111 TX119 0.68 4.26 5.45 5.55 60 60 0.366 1.208 0.117 0.19 1.469 1.581 0.521 1.887 
112 TX143 0.66 3.91 1.795 2.83 43 59 0.412 1.303 0.108 0.186 1.423 1.622 0.345 0.765 
113 LA116 2.7 11.57 3.31 4.14 47.200001 55.200001 1.572 4.928 0.124 0.163 1.357 1.557 0.511 1.696 
114 TX194 0.06 3.02 1.73 2.64 49.599999 58.799999 0.572 1.859 0.109 0.174 1.413 1.625 0.354 1.23 
115 TX549 3.82 9.02 5.7 5.75 60 60 4.584 12.99 0.087 0.132 1.48 1.639 0.249 0.577 
116 TX202 0 1.11 1.295 3.095 60 60 0.441 1.422 0.132 0.182 1.235 1.477 0.535 1.584 
117 TX293 3.41 10.44 5.355 5.505 56.599999 58.599999 4.284 10.369 0.097 0.144 1.422 1.601 0.235 0.584 
118 TX623 0.88 3.42 2.42 3.59 60 60 0.6 2 0.131 0.183 1.277 1.451 0.418 0.883 
119 TX475 0.85 5.19 3.93 4.805 60 60 1.268 4.172 0.096 0.154 1.431 1.616 0.458 1.077 
120 TX082 0.85 5 2.975 3.45 26 43 0.441 1.454 0.102 0.157 1.371 1.528 0.41 1.625 
121 TX458 1.94 7.47 2.925 4.17 37.900002 51.400002 0.672 2.226 0.118 0.161 1.237 1.449 0.412 1.484 
122 TX453 0.5 3.9 3.366 4.24 59.599999 59.799999 0.623 2.002 0.1 0.162 1.409 1.628 0.461 1.345 
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123 TX459 3.8 9.36 4.66 5.28 47.200001 56.400002 3.211 8.071 0.099 0.142 1.348 1.554 0.343 0.895 
124 TX515 0 9.35 5.175 5.325 60 60 0.983 3.122 0.098 0.16 1.398 1.595 0.406 1.244 
125 TX514 0 1.45 5.76 5.76 60 60 1.858 6.043 0.108 0.177 1.376 1.588 0.666 2.385 
126 TX207 0 1 0.77 2.545 60 60 0.571 1.829 0.112 0.18 1.25 1.537 0.615 1.651 
127 TX454 0.89 4.14 4.695 5.455 60 60 0.699 2.236 0.101 0.162 1.384 1.593 0.38 0.896 
128 TX418 0.89 4.66 5.27 5.505 60 60 1.109 3.608 0.129 0.177 1.439 1.61 0.104 0.334 
129 TX222 0.04 1.16 0.205 1.935 60 60 1.726 5.321 0.091 0.145 1.22 1.497 0.054 0.334 
130 TX051 0 3.38 2.985 4.405 60 60 1.473 4.561 0.104 0.151 1.38 1.604 0.364 0.906 
131 TX626 0.93 3.88 3.135 3.425 60 60 0.345 1.138 0.1 0.161 1.383 1.62 0.497 1.292 
132 TX242 0 1 0.96 2.69 60 60 0.6 2 0.131 0.193 1.451 1.584 0.198 0.558 
133 TX281 0.34 4.24 2.06 3.265 52 60 1.146 3.543 0.105 0.167 1.326 1.548 0.254 0.704 
134 TX603 0.99 11.61 1.885 3.31 60 60 0.554 1.815 0.132 0.182 1.267 1.456 0.444 0.983 
135 TX622 1.38 10.21 3.195 4.265 60 60 0.677 2.201 0.13 0.181 1.283 1.478 0.341 0.685 
136 TX120 0 4.84 4.798 4.93 60 60 0.576 1.907 0.109 0.175 1.488 1.609 0.589 1.671 
137 TX200 0.15 5.15 5.65 5.775 60 60 0.125 0.452 0.119 0.18 1.2 1.452 0.903 3.561 
138 TX637 0.03 1.12 0.135 1.245 60 60 0.472 1.465 0.19 0.244 1.068 1.435 0.331 1.313 
139 TX520 1.14 5.21 5.605 5.735 25.139999 42.799999 0.822 2.697 0.092 0.156 1.327 1.552 0.363 1.144 
140 TX417 1.26 5.99 4.925 5.175 60 60 1.258 4.1 0.125 0.173 1.42 1.599 0.096 0.212 
141 TX609 0.4 3.14 3.701 4.055 60 60 0.506 1.615 0.099 0.161 1.411 1.573 0.531 1.712 
142 TX386 0.48 2.58 1.905 3.175 60 60 0.623 1.96 0.145 0.197 1.461 1.67 0.11 0.299 
143 LA347 0.03 1.12 0.135 1.245 60 60 0.472 1.465 0.19 0.244 1.068 1.435 0.331 1.313 
144 TX188 1.58 5.57 6 6 55.599999 57.799999 0.6 2 0.131 0.193 1.35 1.49 0.596 1.745 
145 TX385 0.33 2.96 1.72 3.22 60 60 0.926 2.94 0.131 0.186 1.49 1.688 0.064 0.141 
146 TX174 0 1.24 0.48 0.92 60 60 0.264 0.847 0.161 0.214 1.225 1.507 0.244 0.929 
147 TX205 1.17 5.14 3.345 4.48 36.07 52 2.662 8.784 0.083 0.134 1.367 1.581 0.218 0.889 
148 TX599 0 1 5.7 5.7 60 60 0.691 2.241 0.122 0.197 1.311 1.547 0.837 3.314 
149 TX140 0.45 4.72 2.415 3.845 60 60 2.211 7.336 0.09 0.139 1.386 1.582 0.241 1.019 
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150 TX179 1.05 4.91 2.815 3.53 21.56 40.200001 1.048 3.47 0.1 0.151 1.386 1.571 0.422 1.501 
151 TX086 2.43 6.88 5.835 5.865 35.599999 45.400002 0.648 2.148 0.142 0.192 1.346 1.518 0.732 2.022 
152 TX109 0.89 6.8 2.44 3.695 60 60 0.888 2.786 0.094 0.152 1.492 1.689 0.134 0.491 
153 TX263 0.02 1.75 0.96 2.25 60 60 0.628 2.012 0.142 0.191 1.534 1.726 0.091 0.232 
154 TX583 0.46 4.03 1.49 2.93 60 60 0.299 0.991 0.139 0.192 1.239 1.463 0.484 1.63 
155 TX029 0 1.92 0.715 2.18 60 60 0.404 1.325 0.129 0.185 1.34 1.563 0.424 1.637 
156 TX087 2.54 6.33 6 6 50 55 0.831 2.691 0.123 0.181 1.354 1.542 0.56 1.452 
157 TX068 0 2.64 2.795 4.505 60 60 3.028 10.964 0.074 0.121 1.536 1.71 0.278 1.259 
158 TX573 0.04 1.09 3.25 4.125 60 60 0.556 1.844 0.138 0.193 1.262 1.441 0.631 2.033 
159 TX311 0.1 2.56 0.82 1.345 58.400002 59.200001 0.641 2.131 0.108 0.164 1.413 1.632 0.668 1.933 
160 TX536 1.09 5.28 5.02 5.46 59.200001 59.599999 1.923 6.358 0.095 0.15 1.463 1.641 0.463 1.14 
161 TX057 1.89 4.75 6 6 56.400002 58.200001 0.6 2 0.137 0.188 1.33 1.465 0.62 1.478 
162 TX248 0 1.02 3.35 4.215 60 60 0.442 1.436 0.128 0.184 1.407 1.605 0.224 1.03 
163 TX042 0 1.51 1.23 2.055 60 60 0.094 0.312 0.125 0.184 1.221 1.426 0.989 2.662 
164 TX048 0 2.39 1.07 2.165 60 60 0.149 0.485 0.152 0.209 1.301 1.528 1.06 3.287 
165 TX257 0.94 6.28 4.77 5.34 60 60 3.311 10.943 0.081 0.128 1.441 1.593 0.407 0.956 
166 TX523 0 1 0.095 0.61 60 60 0.322 1.071 0.144 0.192 1.603 1.801 0.098 0.287 
167 LA002 0.141 3.152 0.755 1.027 60 60 0.176 0.587 0.179 0.21 0.55 1.184 0.594 1.424 
168 TX582 0 1.18 0.225 0.81 60 60 0.191 0.629 0.122 0.181 1.268 1.481 0.726 2.028 
169 TX638 0.011 1.211 0.089 0.167 60 60 1.668 16.539 0.195 0.45 0.244 0.509 10.752 29.125 
170 LA037 0.011 1.211 0.089 0.167 60 60 1.668 16.539 0.195 0.45 0.244 0.509 10.752 29.125 
171 TX001 0 1 0.67 2.12 60 60 0.462 1.529 0.137 0.201 1.379 1.647 0.28 1.572 
172 TX572 0.8 4.4 2.735 3.75 60 60 2.735 9.108 0.044 0.101 1.477 1.645 0.496 1.133 
173 TX052 0 2.38 2.37 3.805 60 60 1.073 3.585 0.111 0.165 1.312 1.597 0.329 0.936 
174 TX231 0.1 2.32 2.83 4.05 60 60 0.984 3.679 0.112 0.163 1.483 1.662 0.19 0.967 
175 LA061 0.013 1.247 0.117 0.188 60 60 1.858 18.5 0.183 0.471 0.216 0.602 27.141 62.209 
176 TX639 0.018 1.036 0.107 0.107 60 60 1.898 18.981 0.188 0.474 0.151 0.463 28.302 65.849 
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177 LA020 0.018 1.036 0.107 0.107 60 60 1.898 18.981 0.188 0.474 0.151 0.463 28.302 65.849 
178 TX422 0 1 0 0.75 60 60 0.06 0.2 0.02 0.2 1.1 1.3 2 15 
179 TX618 0.4 1.8 1.52 2.735 60 60 0.762 2.334 0.128 0.182 1.455 1.643 0.172 0.792 
180 TX256 0 2.2 0.675 2.025 60 60 0.37 1.19 0.131 0.183 1.329 1.535 0.401 2.361 
181 TX007 0 1.58 1.26 2.295 60 60 0.444 1.446 0.123 0.181 1.347 1.587 0.242 0.903 
182 TX100 0 1 0.79 2.25 60 60 0.588 1.934 0.135 0.203 1.345 1.565 0.166 0.566 
183 TX571 1.1 6.2 3.375 4.875 60 60 4.074 13.547 0.068 0.119 1.461 1.682 0.334 0.667 
184 TX421 0 2.8 0 1.35 60 60 0.06 0.2 0.02 0.2 1.1 1.3 2 15 
185 TX238 0 1.4 0 2.85 60 60 0.06 0.2 0.02 0.2 1.1 1.3 2 15 
186 TX127 0.05 2.4 1.05 1.85 60 60 0.784 2.401 0.121 0.19 1.54 1.738 0.08 0.246 
187 TX163 0 1 2.975 3.675 60 60 0.27 0.9 0.131 0.186 1.306 1.522 1.139 4.278 
188 TX187 2.01 4.68 6 6 47.360001 52.599999 0.435 1.455 0.129 0.182 1.376 1.568 0.693 1.783 
189 TX276 0 1 4.205 4.7 60 60 0.303 1.01 0.147 0.199 1.252 1.52 1.298 4.596 
190 TX246 0 1 1.08 2.5 60 60 2.122 6.778 0.077 0.135 1.334 1.56 0.105 0.779 
191 TX277 0.43 1.65 5.75 5.85 60 60 0.234 0.721 0.144 0.195 1.361 1.645 0.5 1.289 
192 TX044 0 1 6 6 60 60 0.6 2 0.15 0.192 1.299 1.523 0.605 1.528 
193 TX587 0 2.4 0.6 2.35 60 60 3.138 10.46 0.026 0.093 1.32 1.56 0.063 0.363 
194 TX214 0.94 4.02 6 6 56 58 0.332 1.133 0.108 0.161 1.421 1.639 0.569 1.349 
195 TX423 0 1 6 6 60 60 0.109 0.364 0.114 0.165 1.217 1.417 0.955 2.833 
196 TX359 0.1 1.48 4.57 5.62 60 60 1.559 5.988 0.086 0.141 1.448 1.654 0.482 1.226 
197 TX249 0 1.92 4.59 5.04 60 60 0.408 1.342 0.119 0.172 1.4 1.609 0.342 1.826 
198 TX534 0 1.6 0.9 3.4 60 60 1.106 3.446 0.107 0.162 1.41 1.57 0.348 0.696 
199 TX031 0 1 6 6 60 60 0.6 2 0.164 0.22 1.275 1.513 0.472 1.493 
200 TX550 0.07 1.2 5.86 5.88 60 60 0.382 1.27 0.109 0.15 1.391 1.626 0.498 1.506 
201 TX135 0.95 3.18 5.73 5.85 60 60 0.574 1.876 0.119 0.172 1.338 1.577 0.799 2.215 
202 TX346 0 1.7 1.2 2.02 60 60 0.232 0.745 0.145 0.209 1.395 1.605 0.431 1.694 
203 TX162 0 1 2.53 3.47 60 60 0.404 1.332 0.123 0.171 1.337 1.554 0.563 2.79 
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204 TX185 0 1 0 1.875 60 60 0.426 1.421 0.06 0.14 1.31 1.534 0.695 3.869 
205 TX356 0.01 1.1 5.055 5.075 60 60 0.23 0.757 0.106 0.163 1.395 1.635 0.509 1.141 
206 TX535 0.77 4.88 4.225 5.125 60 60 2.707 8.952 0.084 0.136 1.46 1.674 0.487 1.033 
207 TX553 0 1.09 4.62 4.745 60 60 0.587 1.841 0.116 0.164 1.357 1.591 0.394 1.499 
208 TX352 0.05 2.05 5.44 5.52 60 60 1.359 4.293 0.086 0.137 1.404 1.585 0.492 1.007 
209 TX220 0 1.18 0 2.1 60 60 0.615 2.045 0.021 0.159 1.158 1.384 1.219 8.982 
210 TX539 0 1.28 0.72 3.83 60 60 0.282 0.941 0.102 0.163 1.212 1.45 0.577 1.763 
211 TX241 0.36 2.84 5.8 6 60 60 1.136 3.783 0.112 0.161 1.371 1.593 0.506 1.15 
212 TX073 0 1 6 6 60 60 0.526 1.749 0.163 0.216 1.261 1.496 0.471 1.536 
213 TX301 0.04 1.08 0.12 2.635 60 60 0.379 1.263 0.109 0.157 1.389 1.611 0.597 1.39 
214 TX588 0 1 0 1.6 60 60 0.245 0.817 0.02 0.114 1.186 1.454 0.371 2.314 
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Table 8. Location data for tissue samples used in the GBSSI gene analyses of H. 
dasycalyx, H. laevis, and H. moscheutos. Samples were from personal collections that 
were conducted from June – October 2014. Also included in the analyses were one 
sample of H. dasycalyx (AY341419) and one sample of H. trionum (AY341422) from 
GenBank. 
Species ID State  County 
H. dasycalyx D1 Texas Trinity 
H. dasycalyx D2 Texas Trinity 
H. dasycalyx D24 Texas Trinity 
H. dasycalyx D25 Texas Trinity 
H. dasycalyx D37 Texas Cherokee 
H. dasycalyx D38 Texas Cherokee 
H. dasycalyx D48 Texas Houston 
H. dasycalyx D49 Texas Houston  
H. dasycalyx D59 Texas Trinity 
H. dasycalyx D60 Texas Trinity 
H. laevis L4 Texas Dallas 
H. laevis L5 Texas Dallas 
H. laevis L6 Texas Dallas 
H. laevis L7 Texas Dallas 
H. laevis L10 Texas Dallas 
H. laevis L11 Texas Delta 
H. laevis L12 Texas Delta 
H. laevis L13 Texas Cherokee 
H. laevis L14 Texas Harrison 
H. laevis L15 Texas Harrison 
H. laevis L31 Texas Harrison 
H. laevis L32 Texas Harrison 
H. laevis L40 Texas Trinity 
H. laevis L41 Texas Trinity 
H. moscheutos M5 Texas Henderson 
H. moscheutos M6 Texas Henderson 
H. moscheutos M7 Texas Smith 
H. moscheutos M8 Texas Smith 
H. moscheutos M9 Texas Smith 
H. moscheutos M10 Texas Harrison 
H. moscheutos M11 Texas Harrison 
H. moscheutos M32 Texas Harrison 
H. moscheutos M33 Texas Harrison 
H. moscheutos M37 Texas Harrison 
H. moscheutos M38 Tennessee Haywood 
H. moscheutos M39 Tennessee Haywood 
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H. moscheutos M48 Tennessee Haywood 
H. moscheutos M49 Tennessee Haywood 
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Table 9. GBSSI amplification (Amp) and sequencing (Seq) primers used in this study. 
 
Table 10. Interspecific sequence divergence values for the intron region of the nuclear 
GBSSI gene for the three Hibiscus species. 
Species Paring  GBSSI  
H. dasycalyx X  H. laevis 0.57% 
H. dasycalyx X  H. moscheutos 1.34% 
H. laevis X  H. moscheutos 1.43% 
 
Table 11. Intraspecific sequence divergence values for the intron region of the nuclear 
GBSSI gene for the three Hibiscus species. 
Species  GBSSI  
H. dasycalyx  0.29% 
H. laevis 0.38% 
H. moscheutos 0.86% 
Primer Sequence (5’ to 3’) Amp/Seq Reference 
1F CTG GTG GAC TCG GTG ATG TTC TTG Amp Evans et al. 2000 
9R CTC TTC TAG CCT GCC AAT GAA CC Amp Evans et al. 2000 
3R TCR AGG AAC AYR GGG TGA TC Seq Small 2004 
3F ACT GTY CGR TTC TTC CAC Seq Small 2004 
6R AGA GCA GTG TGC CAA TCA TTG Seq Small 2004 
8R TCA CCR GAW ACA AGC TCC TG Seq Small 2004 
8F  CCT GTC AAG GGA AGG AAA AT Seq Small 2004 
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Appendix B. Figures 
Figure 1. H. dasycalyx known historic counties in East Texas including Cherokee, 
Houston, and Trinity Counties. 
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Appendix B. (Continued) 
 
Figure 2. Ecological niche model for H. dasycalyx produced by Maxent. Detailed locality 
data in Table 1. 
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Figure 3. H. dasycalyx jackknife of test gain produced from Maxent for ecological niche 
model. 
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Appendix B. (Continued) 
 
 
Figure 4. H. dasycalyx geological response curve produced by Maxent representing the 
probability of occurrence at specific geological features. The unique features that 
correspond to the identification values can be found in Table 5. 
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Figure 5. H. dasycalyx landcover response curve produced by Maxent representing the 
probability of occurrence at specific landcover features. The unique features that 
correspond to the identification values can be found in Table 6. 
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Figure 6. H. dasycalyx soil response curve produced by Maxent representing the 
probability of occurrence at specific soil features. The unique features that correspond to 
the identification values can be found in Table 7. 
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Figure 7. Ecological niche model for H. laevis produced by Maxent. Detailed locality 
data in Table 1. 
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Figure 8. H. laevis jackknife of test gain produced from Maxent for ecological niche 
model. 
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Figure 9. H. laevis geological response curve produced by Maxent representing the 
probability of occurrence at specific geological features. The unique features that 
correspond to the identification values can be found in Table 5. 
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Figure 10. H. laevis landcover response curve produced by Maxent representing the 
probability of occurrence at specific landcover features. The unique features that 
correspond to the identification values can be found in Table 6. 
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Figure 11. H. laevis soil response curve produced by Maxent representing the probability 
of occurrence at specific soil features. The unique features that correspond to the 
identification values can be found in Table 7. 
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Figure 12. Ecological niche model for H. moscheutos produced by Maxent. Detailed 
locality data in Table 1. 
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Figure 13. H. moscheutos jackknife of test gain produced from Maxent for ecological 
niche model. 
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Figure 14. H. moscheutos geological response curve produced by Maxent representing 
the probability of occurrence at specific geological features. The unique features that 
correspond to the identification values can be found in Table 5. 
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Figure 15. H. moscheutos landcover response curve produced by Maxent representing the 
probability of occurrence at specific landcover features. The unique features that 
correspond to the identification values can be found in Table 6. 
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Figure 16. H. moscheutos soil response curve produced by Maxent representing the 
probability of occurrence at specific soil features. The unique features that correspond to 
the identification values can be found in Table 7. 
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Figure 17. Rooted maximum likelihood tree showing phylogenetic relationships of H. dasycalyx, H. laevis, and H. moscheutos 
inferred from GBSSI intron sequences. Bootstrap values greater than 50% are shown above each branch. Each accession is 
labeled by species D represent H. dasycalyx, L represents H. laevis, M represents H. moscheutos, RD represents an H. dasycalyx 
individual from Small (2004), and DT represents the outgroup H. trionum. Slash on outgroup branch indicates that the branch 
lengths have been shortened by 1/33 for visualization. Additional data for individuals used in this analysis can be found in Table 
8. 
